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Chronic intestinal pseudo-obstruction (CIPO) is one of the disorders causing intestinal failure in children. Pseudo-obstruction refers to a heterogeneous group of disorders that are characterised by signs and symptoms of intestinal obstruction in the absence of mechanical evidence of obstruction. 1 It is caused by ineVective intestinal contractions. Most cases of childhood CIPO are congenital and primary. Every part of the intestinal tract and other hollow viscera such as urinary bladder may also be aVected. 2 3 Antroduodenal manometry is invariably abnormal in children with CIPO [4] [5] [6] and suggests either abnormal smooth muscle (myopathic form) or neuronal (neuropathic form) function. Children with CIPO often have an adequate length of bowel but dysmotility produces vomiting, abdominal distension, and constipation, hampering nutritional intake. Morbidity and mortality of CIPO are mostly related to the eVects of long term use of total parenteral nutrition (TPN). 7 The prognosis in CIPO varies greatly, with as many as one third of children dying in the first year of life. 2 The high mortality is partly due to the association with other abnormalities. Patients with urinary bladder neuromuscular disease are at risk of urinary tract infections. Malrotation has been reported in 40-70% of children with CIPO, 2 3 increasing the risk of volvulus and bowel ischaemia. When immunodeficiencies are associated with CIPO, there is a higher risk of sepsis and other life threatening infections. 8 Some CIPO patients are able to tolerate enteral feedings, through gastrostomies or jejunostomies, which allow slow infusion of nutrients; others are TPN dependent for life. 9 Intestinal transplantation has become a life saving therapeutic option for children with intestinal failure who are suVering complications of TPN. The vast majority of children undergoing intestinal transplant suVer from short bowel syndrome. 10 11 Chronic intestinal pseudo-obstruction, being a functional rather than an anatomical cause of intestinal failure, has unique characteristics which make pre-and postoperative management more complicated. In this paper, we report the outcome of children with CIPO referred for intestinal transplantation.
Patients and methods
From the list of 204 children with intestinal failure referred to the Children's Hospital of Pittsburgh for intestinal transplant evaluation between 1989 and 1997 we identified 27 patients (14 girls, 13 boys; aged 1-19 years, median 7 years) referred with the diagnosis of CIPO. Transplantation evaluation included barium studies of the gastrointestinal tract to establish length and anatomy of the intestine. Antroduodenal, colonic, and anorectal manometries were performed or previous studies reviewed to confirm diagnosis and what organs were involved. Ultrasound of the kidneys and a urological evaluation were obtained in all children in order to evaluate the urinary tract for possible megacystis. Liver biopsy was performed in those with biochemical evidence of liver injury or abnormal liver imaging studies in order to judge whether the liver needed to be transplanted. Children with evidence of irreversible synthetic liver injury (persistent coagulopathy, hyperbilirubinaemia, hypoalbuminaemia, and hyperammonaemia) were deemed to need the liver as part of the transplantation based on clinical evidence without a need for biopsy.
Manometry studies were suggestive of myopathy in 14 patients and neuropathy in 11. Two children were found to have normal antroduodenal and colon manometries. Their clinical histories were suggestive of Munchausen syndrome by proxy and they were not considered candidates for transplantation. The parents of two children with neuropathy elected not to have their child listed for transplantation. Eight children (aged 3-17 years) died awaiting transplantation; the cause of death was multiorgan failure secondary to liver disease in five, gastrointestinal bleeding in one, sepsis in one, and unknown in another.
Every child with direct bilirubinaemia (>l50 µmol/l) who was not transplanted died (table 1) . Six patients are TPN dependent and are awaiting transplant. One patient was successfully weaned oV TPN and is now on enteral feeding and no longer listed for transplantation. Eight patients underwent transplantation, seven at the Thomas E Starzl Transplantation Institute; one was transplanted at another centre but has since been evaluated again by our centre, and is therefore included in the analysis. Table 1 summarises the patients' characteristics.
We have followed eight patients (five girls) with a median age of 4.8 years (range 23 Table 2 summarises clinical characteristics, type of transplant performed, and outcomes. The excised bowel was inspected for histological features of neuropathy or myopathy using haematoxylin and eosin and acetylcholinesterase (AChE). Trichrome stain was also used in patients 4 and 5, suspected of having myopathy, in order to look for fibrosis. Finally, in patients 4, 5, and 6, protein gene product 9.5 stain was applied. The surgical aspects of transplantation have been described elsewhere 10 ; the immunosuppressive regimen and monitoring of rejection was the same as in other intestinal transplant recipients described previously. 10 12 Results Table 1 and fig 1 summarise the characteristics  and outcome of the 27 patients referred for  transplant evaluations; table 2 summarises those of the transplanted children. Figure 2 shows survival curves for patients transplanted and those evaluated but not transplanted.
Follow up of transplanted children ranged between two months and six years (median 2.6 years). Table 2 reports histology of nerves and muscle in the bowel removed during transplant. After transplant, all children could be weaned oV TPN. Three children have died. One child expired two months after transplant after an overwhelming adenovirus infection. She was oV TPN at the time of her death. Another child died seven months after transplantation due to exfoliative rejection of the intestine. He had been on full enteral feeding prior to the rejection episode. The third patient died four years after transplantation. She had been oV TPN and on full oral feedings prior to succumbing to complications of pancreatitis. The other five are alive, oV TPN, and able to eat by mouth. All patients have shown satisfactory linear growth except patient 7 who was 19 years old and had radiological evidence of fused epiphyseal lines at the time of transplant, and patient 5 who died two months after transplant.
Quality of life in these children was comparable to that of other intestinal transplant patients. 13 Permanent placement of an endostomy was required in six children. All survivors live at home, and all school age children have returned to school at an age appropriate level; the median number of medications two years post-transplantation is four per day, most are administered twice a day. Sixty per cent of parents report spending less than an hour a day in administration of medications and stoma care.
Six of eight children developed rejection, a rate comparable to that of other intestinal transplant recipients. Most rejection episodes were mild except in one child (patient 4) who died after severe rejection. No patient developed chronic rejection. Epstein-Barr virus infection occurred in one child but resolved without development of post-transplant lymphoproliferative disease. Other postoperative problems included signs and symptoms of achalasia developing when an adolescent (patient 7) who had been on parenteral nutrition prior to transplantation began to eat. It is likely that the achalasia was present prior to transplantation and the lack of oral intake minimised the symptoms prior to surgery. She is now eating satisfactorily one year after pneumatic lower oesophageal sphincter dilatation, which followed two unsuccessful trials of botulinum toxin injections. Another child (patient 8) who had undergone a subtotal gastrectomy when she received an isolated small bowel transplant, developed dumping syndrome and is now doing well on a low carbohydrate, high fat diet.
All patients who received allograft stomachs have delayed gastric emptying and documented recurrent gastric bezoars. The bezoars were found on surveillance endoscopy and did not seem to aVect the children clinically. Two patients suVered from severe neuropathic pain and required high doses of narcotics pre-and postoperatively. This led to complicated postoperative management requiring involvement of the pain team and psychiatric counselling. All three children with bladder involvement developed episodes of urinary tract infections postoperatively. Finally, in one child (patient 1), Munchausen syndrome by proxy was strongly suspected after transplantation, leading to a temporary separation of the child from the mother. In retrospect, the suspicion has arisen that the child had been victim of Munchausen syndrome by proxy even before the transplant and the preoperative diagnosis of pseudo-obstruction was questioned.
14 Her antroduodenal manometry, performed three years prior to transplantation, had shown the presence of motor migrating complexes during fasting and qualitative abnormalities suggestive of a mild neuropathic motor disease. Her symptoms had worsened dramatically in the months prior to the transplant. The resected bowel showed normal muscular layers, normal ganglion cells, and myenteric plexuses with thickened nerve fibres in the lamina propria on AChE staining.
Discussion
Intestinal transplantation has now emerged as a life saving option for patients with intestinal failure. 10 11 The indications for intestinal transplantation in CIPO patients are the same as in other patients with intestinal failure: recurrent central venous infections, liver failure, and loss of central venous access. Because of the poor motility in CIPO causing significant bowel dilatation, these patients might even be at greater risk of bacterial overgrowth and subsequent bacterial translocation 15 16 than other children with true short bowel syndrome.
Our data show that intestinal transplantation can be successfully performed in children with CIPO and it gives them the opportunity to be free from TPN. However, the preoperative evaluation, the operation itself, and the postoperative course in children with CIPO may be more complex than in other patients undergoing intestinal transplantation. While children with short bowel syndrome often have a functioning colon and stomach and only require isolated small intestinal transplantation, children with CIPO may need a multivisceral transplant with removal of organs such as the colon and creation of an endostomy.
There have previously been reports of patients with a diagnosis of CIPO who on further evaluation turned out to be victims of Munchausen syndrome by proxy, a psychiatric disorder where a parent over reports or produces illness in a child. 17 18 This was also our suspicion in two patients evaluated but not listed for transplantation and in one patient who underwent transplantation. In a patient with CIPO in whom the diagnosis is not supported by history and manometry is normal or only mildly abnormal, the possibility of Munchausen syndrome by proxy must be considered. We believe that it is important to perform motility studies of the entire gastrointestinal tract and thoroughly review the patient's past medical history prior to transplantation to confirm the diagnosis and determine what type of graft should be used. Manometry has also been used to diVerentiate gut neuropathies from myopathies. 5 This determination is particularly diYcult when the bowel is dilated. It is also known that motor abnormalities may be identified in the gastrointestinal tract of children with a variety of functional bowel disorders and in children with inflammatory processes aVecting the intestine. 19 Caution should also be used to avoid over interpretation of motility studies performed in sedated children. In two children with manometry suggestive of myopathy, our laboratory could not identify any pathological abnormality. It is possible that other immunochemistry techniques such as using c-kit antibodies or electron microscopy, which were not used in our patients, could in the future clarify pathophysiological abnormalities in patients with CIPO.
We have previously shown that successful outcome after transplantation varies according to graft type. 11 Patients who receive an isolated intestinal graft generally have a more benign postoperative course with fewer complications. However, we have seen a high incidence of graft failure due to rejection. We have observed that children receiving the larger "multivisceral" graft that includes the liver allograft develop rejection of the intestinal graft less often and the rejection episodes are generally milder. 20 It has been postulated that transplanting the more tolerogenic lymphocytes present in the liver may lead to intestinal graft protection. 20 So far, this observation has not been confirmed by other centres. Because bigger operations are fraught with a higher incidence of complications, a thorough assessment of the entire gastrointestinal tract is needed to identify the diseased organs needing replacement. Consequently, the surgical approach should be varied and tailored to each individual patient. It is notable that although stomach and colon composites of the allograft do not reject as often as the small intestinal component, they may present with unique infectious and ischaemic complications. 21 Postoperatively, the management of children with CIPO diVers from that of patients undergoing intestinal transplantation. Weaning patients from the high dose narcotics required to control their pain before transplant often requires a multidisciplinary approach. Urinary tract infections must be prevented by use of prophylactic antibiotics, creation of a vesicostomy, or intermittent catheterisation in children with bladder disease. When monitoring the graft for rejection, care needs to be taken to endoscope and biopsy the small bowel rather than any other organs transplanted because it seems to be preferentially involved in rejection. 21 Quality of life in children receiving intestinal transplant for CIPO is comparable to that of children transplanted for other causes of intestinal failure. 13 Small numbers and the lack of data accrued prospectively precludes comparison of quality of life in TPN dependent CIPO patients before and after transplantation. The cost of intestinal transplantation is considerable. At our institution the median cost of all intestinal transplantations that have been performed is estimated to be $350 000 including the first post-transplant year, while one year of TPN support costs about $50-100 000 (£80-160 000) per year.
Early referral of children with intestinal failure for transplantation is critical. Some CIPO patients dependent on TPN do not manifest any signs of liver disease nor experience recurrent line infections, 22 but it is important to identify children with complications from TPN and refer them early. While survival of intestinal transplant recipients in the past has not been spectacular compared with other solid organ transplants, it may be the only chance of survival in children with intestinal failure suVering complications from TPN. Neuropathic forms of CIPO are more common than myopathic types, 23 but myopathic CIPO seems to be associated with more severe involvement of gut motility. This observation is supported by the high number of children evaluated for transplantation who suVered from myopathic forms. We do not advocate transplantation in children with only mild liver enzyme elevations without evidence of liver synthetic abnormalities. Persistent coagulopathy (prothrombin time greater than 15 seconds), hyperbilirubinaemia (>554 µmol/l), and evidence of hypersplenism (such as a platelet count less than 100 000/ml), have been shown to be poor prognostic signs among patients referred to our institution for transplantation, with less than 30-40% one year survival without transplant. 24 In this series, one third of the CIPO children referred died before suitable organs became available. In particular, all children with direct bilirubin greater than 150 µmol/l were either transplanted or died while waiting. Earlier referral might have increased the chance of finding a suitable organ. In view of the still high morbidity and mortality associated with intestinal transplantation it is also essential that optimal care be provided before the transplant. This includes careful management of parenteral nutrition to minimise the risk of associated cholestasis and scrupulous central line care to prevent line infections. 22 In summary, intestinal transplantation is a possible life saving measure in children with CIPO. Early referral of children that are experiencing complications from TPN such as persistent evidence of liver injury, or recurrent line infections with loss of vascular access may improve the chances of a successful outcome.
